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THE DUAL TONING TECHNIQUE FOR MELASMA

TREATMENT WITH THE 1064 nm Nd:
YAG LASER: A PRELIMINARY STUDY

HY Kang, ! JH Kim 2 and BC Goo 3

1: Department of Dermatology, Ajou University School of Medicine, Suwon, Korea
2: Dr Kim’s Skin and Laser Clinic, Suwon, Korea
3: Institute of Medical Laser Research and Development, Lutronic Corporation, Goyang, Korea

Background and Aims: Melasma is a treatment-resistant and acquired pigmentary facial skin con-
dition of uncertain etiology particularly prevalent in the older Asian female. Traditional bleaching
agents have offered some success. Intense pulsed light (IPL), fractionated nonablative and more
recently ablative laser technology have also been used, but were associated with postoperative
hyperpigmentation in the Asian skin. The present study examined the consecutive application of 2
modes of the 1064 nm Nd:YAG laser in the ‘dual toning’ process.

Subjects and Methods: Thirty females, mean age 41.4 + 11.96 yr, Fitzpatrick skin type IV, partici-
pated in the prospective uncontrolled study. All subjects were treated with the 1064 nm Nd:YAG
laser, first with the 5 ns Q-switched mode, 1.2 J/cm? 8 mm collimated handpiece with multiple
passes and then immediately after with the micropulsed mode, 300 ps, 7.0 J/cm?, 5 mm handpiece,
multiple passes. Mild and even erythema was the endpoint. Treatments were given every other
week until maximum improvement was obtained. Improvement was rated at a final assessment 6
weeks after the final treatment on a 5 point scale where 1 was little or no improvement and 5 was
maximum improvement.

Results: At the final treatment session and at the 6-week assessment, 20 of the 30 patients (67%)
saw a fair to excellent degree of improvement, 7 (23%) had visible improvement and little or no
improvement was seen in 3 (10%) patients. There were no unexpected side effects in any patients.
Conclusions: The dual toning technique using the 1064 nm Nd:YAG laser was safe and effective,
and well-tolerated by all patents without anesthesia. Larger controlled studies are merited with

more objective measurement techniques to confirm the results of this preliminary study.

Key words: Micropulsed laser, Q-switched laser, pulse stacking, subcellular selective

photothermolysis

Introduction

Melasma is an acquired cutaneous pigmentary disorder
particularly but not exclusively seen in older females of
the darker Oriental skin types, recognized as local
bilateral areas of hypermelanosis seen as light- to dark-
brown patches on sun-exposed facial skin. 13 The
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patches can be large and homogeneous in distribution,
appear as pigmented flecks, or present anywhere in
between these extremes. The dyschromic lesions are
found in the mandibular/mental regions and/or centro-
facial and malar areas. There are basically two types of
melasma classified by its distribution, and clearly visi-
ble under a Wood’s lamp, even when latent and invisi-
ble to the naked eye: the epidermal type, existing in
the epidermis; and the mixed type, existing in both the
epidermis and dermis where the melanin particles exist
in dermal melanophores. It is extremely unusual to see
melasma existing only in the dermis. The actual etiolo-
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gy of melasma remains largely unknown, but its
appearance has been associated with, among others,
age, eccrine, paracrine and hormonal factors, genetic
predisposition, pregnancy, use of oral contraception,
stress, and exposure to solar or other UV radiation. 19
More recently, the molecular signaling mechanisms
responsible for upregulating and downregulating the
genetic pathways leading to hypermelanogenesis have
been identified including the Wnt pathway, c-kit and
the role of dermal stem cells, although what actually
triggers the respective signaling process remains to be
elucidated. >

A large variety of topical therapeutic approaches
has been reported including bleaching agents (hydro-
quinone and kojic acids) and chemical peels (retinol,
trichloroacetic or kojic acid), but although some suc-
cess has been reported with these, the results are
somewhat inconsistent with undesirable side effects
such as unwanted pigmentary changes and dermatitis,
7 and their efficacy appears to decrease with long-term
use. In the past few years, intense pulsed light (IPL)
systems have been reported in the treatment of mild
melasma in the Japanese skin, ® and pigment-selective
visible light lasers, but the results were less than
expected with side effects related to excess photother-
mal damage to the epidermis and dermis associated
with these systems, particularly post-inflammatory sec-
ondary hyperpigmentation (PIH). 91D In the case of
the Q-switched ruby laser, Tse et al. 12’ have reported
that the Q-switched ruby laser showed no effect in the
investigation of 20 patients, although he also found lit-
tle effect with the Q-switched Nd:YAG at the parame-
ters used. The Q-switched ruby laser has a wavelength
of 694 nm, which has melanin as a chromophore.
Despite this, poor results or recurrence in the early
stages after treatment have been reported in most stud-
ies. 1213 Recently, a few reports have appeared on the
use of the so-called ‘resurfacing lasers’ for melasma
treatment (Er:YAG and CO2 plus Q-switched alexan-
drite lasers), but in darker skin types such as the Asian
phenotypes, the risk of PIH is high. 1 Even more
recently, the modality of nonablative fractionated laser
resurfacing was introduced in melasma treatment to
help avoid the side effects of the full resurfacing sys-
tems, especially the prolonged downtime. 15-18) Several
treatments were required, however, with few patients
showing total clearance and recurrence at 6 weeks to 2
months after the final treatment.

Goldberg and Metzler first suggested the concept
of ‘laser toning’ in 1999, 19 whereby multiple passes
with a low-fluence Q-switched Nd:YAG laser produced
beneficial changes in photoaged skin. In clinical prac-

190

tice, however, some more recent articles have reported
that undesirable fibrosis in the papillary dermis is
induced by Q-switched Nd:YAG laser toning. 200
Hypopigmentation has also been reported in a series
of Asian patients treated with laser toning. 21 To avoid
this, the so-called ‘Genesis technique’, which uses the
quasi-long pulsed or micropulsed Nd:YAG laser mode,
with pulse widths in the ps domain, may be the opti-
mum adjunctive treatment method for laser toning,
adding the advantage of skin rejuvenation employing
multi-pass lasing with the benefit of a short patient
downtime. 22> Guidelines in published studies suggest
a 5 mm spot size, 300 ms pulse duration and a fluence
of around 13 J/cm?. The Genesis technique minimizes
erythema and downtime, and maximizes the effect of
skin rejuvenation with a reported increase in collagen
synthesis following good neocollagenesis, and good
dermal remodeling. 18 The present study was designed
to assess the efficacy of combining the Q-switched and
micropulsed modes of the Nd:YAG laser, applied
sequentially in the same treatment session, for the
treatment of melasma in Fitzpatrick skin type IV
Korean females.

Subjects and Methods

Thirty Korean females, ages ranging from 25 to 65 yr
(mean 41.4 + 11.96 yr) and all Fitzpatrick skin type TV
were recruited for the study in the author’s institute
during the period of May 15t 2010 to April 30 2011.
Patient demographics are shown in Table 1. Nineteen
subjects had melsama alone, and melasma complicated
with another condition in 10 others (wrinkles and acne
in 3 each, lentigines in 2 and ephelides and ABNOM
[acquired bilateral nevus of Ohta-like macules] in 1
each). The remaining patient had latent melasma and
wanted general skin rejuvenation. Having had the pur-
pose and protocol of the study explained to them, all
patients gave written informed consent to participate in
the study, and for use of their clinical photography.
The study protocol was in accordance with the World
Medical Association-backed Declaration of Helsinki as
amended in 2008.

The treatment protocol was as follows: following
thorough cleansing of the face, the 1064 nm Nd:YAG
laser (SPECTRA™, Lutronic, Goyang, South Korea) was
applied in the Q-switched mode, 5 ns pulse width, 1.2
J/cm? pulse energy, 8 mm collimated handpiece, 10 Hz
pulse repetition rate. Two to 3 passes were made over
the entire face with a 15-20% overlap. Immediately
after this, the laser was set in the micropulsed Spectra
mode for the Genesis technique: 2 to 3 passes with a
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Table 1: Patient demographics, disease breakdown and final score (VS)

Case No Age  Sex Condition VS Case No Age  Sex Condition VS
1 45 F melasma, freckles 4 16 27 F melasma, acne 5
2 38 F melasma 5 17 62 F  melasma, SK, lentigines 2
3 40 F melasma 2 18 27 F melasma 3
4 48 F melasma 3 19 43 F melasma 5
5 62 F melasma, wrinkles 2 20 27 F melasma 3
6 53 F melasma 4 21 36 F melasma 4
7 52 F melasma, fine wrinkles 3 22 46 F melasma 2
8 28 F aging ? 2 23 25 F melasma 4
9 34 F melasma 3 24 36 F melasma 2
10 46 F melasma, ABNOM 1 25 63 F melasma, wrinkles 3
11 42 F melasma 4 26 65 F melasma, lentigines 1
12 33 F acne, melasma 4 27 33 F melasma 3
13 35 F melasma 3 28 52 F melasma 4
14 36 F melasma 4 29 43 F melasma 2
15 34 F melasma 4 30 28 F melasma, acne 1

Visual scale (VS) gradings: 1, little or no improvement (0-10%);
2, Noticeable improvement (11-25%);

3, Fair improvement (26-50%); 4, Good improvement (51-75%); and 5, excellent improvement (>76%).

300 ps pulse width, pulse energy 7.0 J/cm2, 5 mm colli-
mated handpiece, rep rate 10 Hz. The lower pulse
energy of 7 J/cm? was selected rather than the 13 J/cm?2
suggested in the previous literature because the
Nd:YAG system used in the present study delivers a
flat-top beam profile with higher efficacy than previous
transverse beam modes. Multiple passes were made to
stack pulses, with the desired endpoint being mild and
even erythema of the whole face. No anesthesia was
applied. A cooling pack was applied after the dual ton-
ing session, and patients were able to return immedi-
ately to their usual activities of daily living. Patients
were instructed to apply a UVA/B sunscreen with an
SPF of at least 30 on a daily basis, which was to be
continued throughout the treatment and follow-up
period. Patients received a total of 10 - 12 treatments
repeated every other week.

Improvement was assessed from the clinical pho-
tography after the final session and at 6 weeks there-
after on a 5-point scale as follows: 1, little or no
improvement (0-10%); 2, noticeable improvement (11-
25%); 3, fair improvement (26-50%); 4, good improve-
ment (51-75%); and 5, excellent improvement (>76%).
Assessment was performed by two independent and
experienced dermatologists.

Results

All patients completed the study successfully, and no

Nd:YAG DUAL TONING FOR MELASMA

adverse or unexpected side effects were seen in any
patient. Erythema was mild and transient, lasting for 3-
5 days and easily camouflaged with makeup. No
patient reported excess pain during either component
of the dual toning treatment, and no patient required
anesthesia. A prickling or mild stinging was reported to
be felt during the Q-switched mode and a mild heating
sensation was often noticed during the Genesis tech-
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Fig. 1: Visual scale grades (see the text for an explana-
tion) broken down by patient numbers. The
majority of the patients had a fair or better
clearance of their melasma.
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Fig. 2: Clinical findings in a 43 year-old female patient (Patient No 19). a: Baseline condition. b:
Findings 6 weeks after dual toning with the 1064 nm Nd:YAG laser, showing very good
clearance of the melasma and improved general skin condition including reduced pore size
and disappearance of the fine periocular lines.

nique.

Of the 30 patients, 20 (67%) reported at least fair
improvement, 7 (23%) had noticeable improvement
and 3 (10%) had little or no improvement at their final
treatment session (Table 1, Figure 1). These scores
were maintained up till the 6-week assessment with no
recurrence. All patients expressed willingness to repeat
the treatment protocol if required. Furthermore, some
patients reported significant improvement in the over-
all appearance of their skin following treatment, as typ-
ically seen in one 43-year-old female (patient No 19)
with melasma at baseline and at 6 weeks after dual
toning (VS of 5, Figure 2).

Discussion

Parrish and Anderson’s concept of selective photother-
molysis (SP) forms the basis of most aspects of photo-
surgery, 23 and calls for the selective destruction of
pigments and the cells containing these pigments
through the use of an appropriate wavelength, high
peak powers and a pulse width shorter than the coeffi-
cient of thermal relaxation of the target materials. SP
has been the cornerstone for the selective removal of
pigmented lesions, including melasma. However,
melasma in the Asian skin type can remain refractory
to the normal SP approach since destruction of the
melanin in the daughter keratinocytes and the
melanosomes in the melanocytes is accompanied by
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destruction of, or at least severe damage to, the cells
containing the pigment. Melanosmes in Korean melas-
ma patients have been shown to be at stage IV, large
and discrete, 29 so SP-mediated destruction of the
melanocyte containing them is more or less assured.
However, repopulation of melanocytes from hair bulge
stem cells can occur after 6 weeks with the recurrence
of enlarged melanosome production, > and new
daughter keratinocytes are swiftly manufactured by the
mother keratinocytes in the basal layer, ready to
phagocytose melanin granules from the dendrites of
the migrated melanocytes, resulting in treatment failure
and repigmentation.

The high peak powers and ultrashort pulse width
of the 5 ns Q-switched laser with low fluence offered
an answer to this problem, and was demonstrated first
in zebrafish 2 and then in human melasma patients,
249 whereby the target melanin was selectively
destroyed in the melanophores in the zebrafish and
human keratinocytes, melanocytes and dermal
melanophores through the ultrashort acting radiant
heat effect, but the cells containing the melanin were
left alive. This was termed subcellular selective pho-
tothermolysis, 2425 and underpins the application of
laser toning and its efficacy in the Asian skin without
causing PIH, as inflammation is kept to a minimum
due to the low pulse fluence.

Following sequential laser toning sessions result-
ing in subcellular selective photothermolysis, human
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melanocytes were shown through 3-D tomography and
high-voltage electron microscopy to be melanosome-
free but alive, and looked as if they had undergone a
‘dendrectomy’. 24 Furthermore, levels of PAR-2, an
essential substance mediating the transfer of melanin
from melanocyte to daughter keratinocyte were
decreased, likewise for tyrosinase-related proteins TRP-
1 and -2, part of the oxidization process which turns
clear melanosomes dark as they proceed along the
dendrites. Taken together, these data suggest a much
longer latency for the decreased production of
melanin, but this has yet to be confirmed in a long-
term follow-up although recurrence-free follow-up
terms of 3 months are being reported.

Q-switched laser toning quite obviously affects
the epidermis and very superficial dermis, but when
this mode is combined with the micropulsed 300 ps
mode of the Nd:YAG with multiple passes and pulse
stacking, a deep-reaching tissue heating is additionally
achieved with a minimally invasive approach. The
micropulsed mode delivers a controlled photothermal
effect into the deep dermis, which is enhanced by the
pulse stacking and induces the wound healing process
together with heat shock proteins, reduction of proin-
flammatory interleukin (IL)8 and the induction of
wound healing mediator transforming growth factor
(TGPF)-8. 22 Active collagenesis results, followed by the
remodeling process so the dual toning technique not
only removes the melasma, it also tones and refreshes
the patient’s skin.

To go one step further, the enhanced efficacy of
dual toning followed by TriLuma® cream has been
reported. 20) From my recent experience, this approach
can be enhanced even more with the addition of a
50% glycolic acid peel and application of Kligman’s
formula after the dual toning session, what the second
author (JHK) refers to as his modified Triple
Combination Treatment, and an ongoing study will
report on this in detail with an extended followup peri-
od.

Another potential adjunctive technique which
may well add to the proven efficacy of the dual toning
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